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SCHWXRZ BIORESEARCH, INC. 

TbLe i n l t . i a l  months Qf Diet; project. i\SASK-51? hlT7e 
been devoted t o  orgac iz ing  and s p e c i a l  t ra in iKg of  
staff ,  a c q u i s i t i o n  of  ri-aterials and s p e c i a l i z e d  ~ q - a l p -  

meEts .  The necessary personnel have been h i r e d  and 
t r a i n e d  ir! t h e  r e q u i s i t e  teepa-iques t o  handle problems 
assoc ia t ed  x i t h  cont rac t  c o m i t n e n t s .  The requi red  
diet ingredier i ts  have been purchased and are c u r r e n t l y  
being evaluated i n  terms of their  p u r i t y  and s u i t a b i l i t y  
for incorpora t ion  i n t o  diets .  F ina l ly ,  o rders  have been 
placed f o r  instiwrnentation, equlpment and animals that 
w i l l  be needed f o r  t h e  contemplated experimental  progran,  

2p-d csy-yi.b~ 9.J.t 2 zt.ri.is cy p m l i n i n z r y  n>:E\epj- 

C r i t i c a l  eva lua t ion  of l i q u i d  chemically def ined  
d i e t s  as p r e s e n t l y  cons t i t u t ed  r e v e a l s  t h e  l i m i t a t i o n z  
of present  forinulations and the  need t o  r e f o r n u l a t e  a 
ni-i-mber of new d i e t  preparat ions f o r  the purpose nr' 
achieving the following resul ts  : 

g r e a t e r  p a l a t a b i l i t y  , 
g r e a t e r  r e s i s t a n c e  t o  ox ida t ion  
e l imina t ion  of browning r e a c t i o n  
greater s t a b i l i t y  t o  environmental exposure arid 
s to rage  condit  ions .  

R a t  b ioassays have been devised and w i l l  be used t o  
a s c e r t a i n  the e f f e c t s  of replacement of s p e c i f i c  d i e t  
c o n s t i t u e n t s  wi th  both biochemically and o rgano lep t i ca l ly  
more compatible ing red ien t s .  Two materials which ap: ear 
t o  r equ i r e  modi f ica t ion  a r e  D-glucose, because o f  i t 3  
c o n t r i b u t i o n  t o  browning and L-methionine because cf it..: 
undes i rab le  e f f e c t s  on f l avor .  

Preliminary study has been undertaken t o  dete-rmi 
t h e r  changing the form of t h e  d i e t  from l i q u i d  t o  

form can be s a t i s f a c t o r i l y  achieved under c o n d i t i  
compatible with the d i e t  ingredien ts .  

ne 
a 
oris 

Finally, i n  o rde r  t o  acce le ra t e  and s impl i fy  the 
assay  procedure f o r  det 'emining the D-isomer present  i n  
L-amlno ac ids ,  a microtechnique involving t h e  use  o f  
Conway cells has been developed employing a D-amino 
a c i d  oxidase.  
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Following t h e  r e s u l t s  of t a s t e  p a n e l  a n a l y s i s  of 
the  organolcpt ic  p r o p e r t i e s  of Greenstein Diet Eo. 116, 
t h e  genpzrai consensus i s  t h a t  t he  d i e t s  13 kFt?-i-~ py~c.?n+ 
form a r e  cha rac t e r i zed  by a genera l  b i t t e r  q u a l i t y  supcr-  
imposed on an underlying sweetness and tha t  improvement 
Is necessary For  long-term use  by humans. 

Modification o f  the r a t i o s  of non-es sen t f a l  amino 
ac ids  o f f e r s  oppor tun i t i e s  for b e t t e v  f i a v o r  balance.  
As an exmple ,  t h e  presence of monosodl.im glutaLLate in 
t h e  d i e t  a f f o r d s  t h e  p o s s i b i l i t y  of' u t f i l i z ing  it as n 
f l a v o r  base t o  which o t h e r  f1avor.s can be added t o  accen- 
t u a t e  the desirable organolept ic  p r o p e r t k s  or t h e  d l e t .  
I n  this connection, t h e  f lavor ing  con t r ibu t ion  o f  sKal1 
amounts o f  5 1 - i n o s i n i c  and 5'-guanylie ac ids  a r e  beli.-lr A -b 
s tud ied .  These compounds have been r e p o r t e d  to add a p p ~ ? -  
c iab ly  t o  food a c c e p t a b i l i t y  when used i n  r e l a t i v e l y  low 
concentrat ion,  O.Ol$-O.O3$, i n  presence of  monosodim 
glutamate.  

The t a s t e  panel a l s o  i d e n t i f i e d  L-methionine as t h e  
most  ob jec t ionable  d i e t  ingredien t  by means of a s i n g l e  
component eva lua t ion .  

An a d d i t i o n a l  drawback of t h e  1-eliminary formula-  
t i o n  t e s t e d  (Greenstein Diet No. 1167 i s  the  large arnouzt 
of D-glucose (40s of t o t a l  s o l i d s )  p r e s e n t .  This results 
i n  excessive sweetness which appears t o  be accentuated b;. 
t h e  monosodium glutamate present .  As a poss ib l e  replace-  
ment f o r  the D-glUCOSeJ a t  l e a s t  i n  par t ,  a t t e n t i o n  is  
being d i r e c t e d  toward the  use of  dextran s ince  t h i s  mat 
e r i a l  is water so luble ,  t a s t e l e s s ,  of def ined molecular 
weight and capable of y ie ld ing  D-glucose on d i g e s t i o n .  
It i s  also a n t i c i p a t e d  t h a t  s o r b i t o l  may be used to com- 
plement t he  a c t i o n  of  dextran inasmuch as it, t o o ,  i s  
water so luble ,  has a p leasant  t a s t e ,  i s  non-reducing ar.3 
is  consumed via the same pathway by which D-glucose is 
metabolized. 

I n  o rde r  t o  overcome the f l a v o r  of L-methionine t h e  
i n i t i a l  e f f o r t s  are being made t o  r ep lace  t h i s  amino a c i d  
with one o f  its metabolic intermediates, namely, homo- 
cys te ine ,  Inasmuch as the  b i o l o g i c a l  u t i l i z a t i o n  of 
Lmeth ion ine  involves  the  formation of t h i s  compound. 
To compensate f o r  the absence of L-methionine methyl 
groups it I s  planned t o  increase  the l e v e l  of chol ine 
and vitatni-r B12. 
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The i n i t i a l  animal experiments t he re fo re  w i l l  be 
d i r e c t e d  t o  a s ses s ing  whether homocysteine and/or dex- 
t r a n  can be s u b s t i t u t e d  t o  advantage i n  d i e t  formula- 
l r l u l l ~ .  The B U ~ C S S S  ol" these two modif icat ions i s  ex- 
pected t o  s impl i fy  the job of improving d i e t  f l a v o r .  
T h i s  view is  considered t o  be v a l i d  i'nasmuch as a l l  
V I  US U C , L L ~ : I .  aJu l l lu  ac ids  are e i t h e r  s a i i n e ,  sweet o r  
only s l i g h t l y  b i t t e r .  

+ * --I 
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Replacement of a l l  o r  par t  of the glucose by dex- 
t r a n  o r  s o r b i t o l  i s  considered des i r ab le ,  a l so ,  as a 
means of e l imina t ing  t h e  browning r e a c t i o n  which has 
been shown t o  occur when the d i e t s  are heated: most 
probably the r e s u l t  of i n t e r a c t i o n  between amino ac ids  
and the reducing groups of glucose.  Though i n h i b i t o r s  
of t h i s  r e a c t i o n  are known, i t  i s  Considered p r e f e r a b l e  
t o  avoid t he i r  use, If possible .  

Another aspec t  of  t he  problem being s tud ied  i s  t h e  
p o s s i b i l i t y  of c h w g i r g  the consis tency of tile Giet, as 
f o r  example, producing ge l l ed  forms which would be more 
convenient t o  handle and would provide some v a r i e t y  o f  
eating s e n s a t i o n  more akin t o  s o l i d  food o r  candy. To 
t h i s  end w e  have demonstrated that  thermally s tab le  gels 
conta in ing  the  d i e t  i n  an immobilized s t a t e  can be 
achieved by the use of t h i o l a t e d  ge la t ic  i n  concentra- 
t i o n s  ranging upward from 1% by weight. D ie t s  i n  t h e  
gel  form o f f e r  the d i s t i n c t  advantage of reducing ex- 
posure t o  a i r  oxida t ion  and fragmentation i n  the state 
of  weight lessness .  I n  t h i s  form, they a l s o  r e a d i l y  
lend  themselves t o  being dehydrated i n t o  cubes t o  
accommodate t h e  p re sen t  technology devised t o  feed 
a s t ronau t s  I n  f l i g h t .  

Most of the conventional ox ida t ive  c ross l ink i rG 
agents  r o u t i n e l y  used w i t h  t h i o l a t e d  g e l a t i n  appear t o  
be unsui ted f o r ' u s e  i n  d i e t  formulat ions owirg t o  the 
r i s k  of ox ida t ive  d e s t r u c t i o n  of d i e t  i ng red ien t s .  liow- 
ever,  i t  has been poss ib l e  by t h e  u t i l i z a t i o n  of' t he  
D-glucose p r e s e n t l y  found i n  the d l e t  formulations t o  
achieve the non-destruct ive oxida t ion  v i a  the use o f  
the enzyme D-glucose oxidase. 

glucose 

oxidase 
gelatin-SH + elucose + 02 ) gela t in-SS-ge la t in  & 

gluconic  a c i d  

c-. -. 3- 
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Fina l ly ,  t o  sharpen a n a l y t i c a l  techniques Cor 
a23aying amino ac ids ,  a silnplc r ap id  assay txetkLod ?or 
rout i r , e ly  dc t cnz in i rg  the quantity of D- isomer Frcacn t  
as contaminar.t i n  L-amino ac ids  has bcen developed. 
I n  c o n t r a s t  t o  t h e  Warburg technique which i m o l v e s  
bile use of' expensive apparatufi a d  I s  i i i d t e d  by tile 
capaci ty  or" t h e  instrument, the p re sen t  tecl-xique 
employs a simple Conway c e l l  and has the accuracy of 
t n e  order  of + O.ur;ro. i n  tne Warburg procedure 
(Meister,  Leventow, Kingsley and Greenstein,  J.Bio1. 
Chem. 1 2, 555, 1951) measurement i s  made o f  the oxyken 
c onswne I n  the p resen t  technique, however, a colori- 
metr ic  assay i s  mzrde u t i l i z i n g  the  ammonfa l i b e r a t c d .  
The method has been c a l i b r a t e d  against b o t h  ammoni~lm 
salts and DLva l ine .  The r e a c t i o n  i n  ques t ion  may be 
represented :  

L 1- 

D- amino oxidase 
i E202 +&eto  ac ic  -+ 1;:. D-amino a c i d  + 02 _I - 



COST S T A T I I "  

A) Statement o r  Inves t iga to r  'Tine zrici cos t :  

I n v e s t i g a t o r  

Joseph Burdlge 
Albert  Seidner 
Robert  Braun 
Joseph Garvey 
Vincent Reardon 

T o t a l s  

e 

B) Statement of Tota l  Costs:  

Cumulative Estrlrnated. 
c o s t s  Cornpleti c:1 

Costs  ----- Incurred _- ...-- - 

Grand To ta l  Costs, 
Expenses & Fee 

_ -  
$14,11G. 34 $158,583. . 

c ) Carrunent s : 

1. The above figures include time and c o s t s  i n  the amount 
of $1,136.64 for Anticipatory Costs incur red  f r o a  
7/14/62 thru lo&/&? which have been b i l l e d  t o  NASA 
on P.V, #I. 

2. Of the t o t a l  cos t s ,  expenses and fee charged thru 
12/31/62 ( $14,110 . 34), 60.6% or $8,549.72 was i n -  
curred during the month o f  December, I n d i c a t i n g  the 
ncpelamtlng a c t i v i t y  being imputed t o  t h i s  e f f o r t .  


